The genus Carnobacterium includes heterofermentative, facultatively anaerobic, psychrotolerant, Gram-positivestaining, rod-shaped lactic acid bacteria that produce mostly L-lactic acid from fermented D-glucose (Hammes & Hertel, 2006) . At the time of writing, the genus comprises 11 species with validly published names, which can be roughly divided into two groups. As the genus name implies, most named species of the genus Carnobacterium (Carnobacterium divergens, C. gallinarum, C. inhibens, C. jeotgali, C. maltaromaticum, C. mobile, C. viridans) belong to a group that were isolated originally from living fish or foods derived from animal sources (Leisner et al., 2007) . A second group of species of the genus Carnobacterium has been isolated from cold, low-nutrient environments such as Antarctic ice lakes (Carnobacterium funditum, C. alterfunditum, C. iners) (Franzmann et al., 1991; Snauwaert et al., 2013) or Arctic permafrost (Carnobacterium pleistocenium) (Pikuta et al., 2005) . In a previous publication, the isolation of strain WN1359
T was reported from a sample of permafrost soil collected in Siberia during an expedition in 2009 . Based on 16S rRNA gene sequence data, strain WN1359
T was originally described as a separate novel species of the genus Carnobacterium capable of growth under a cold (0 uC), anoxic, CO 2 -dominated, lowpressure (7 mbar) atmospheric simulation of the Martian surface environment , and was originally named 'Carnobacterium gilichinskyi' (Leonard et al., 2013) . However, newly obtained whole-genome data from the type strain most closely related to strain WN1359 T , C. inhibens strain K1 T (Jöborn et al., 1999) has prompted a re-examination of the prior conclusion in further detail. Therefore, this communication describes a genomic and phenotypic comparison of Carnobacterium sp. strain WN1359
T with its relative, C. inhibens, and proposes that strain WN1359
T represents a new subspecies, Carnobacterium inhibens subsp. gilichinskyi, subsp. nov. Accordingly, it is proposed that the type strain K1
T be renamed Carnobacterium inhibens subsp. inhibens strain K1 T .
Carnobacterium sp. strain WN1359
T was isolated from a Siberian permafrost drill core; its isolation and preliminary characterization were described elsewhere previously . Comparison of 16S rRNA gene sequences of strain WN1359
T and eleven type strains of species of the genus Carnobacterium indicated that strain WN1359
T was most closely related to C. inhibens strain K1 T (Jöborn et al., 1999) (Fig. 1) , which for comparative purposes was obtained from the Leibniz Institute DSMZ (Braunschweig, Germany). All strains used in this study were routinely cultivated using DSMZ medium no. 92, trypticase soy yeast extract (TSY) medium. The medium contained (g l 21 ): trypticase soy broth, 30; yeast extract, 3; pH 7.0-7.2. TSY medium was solidified with 1.5 or 0.5 % (w/v) agar for routine cultivation or for determination of motility, respectively. Anaerobic cultivations were performed using the GasPak Plus Anaerobic System (Becton Dickinson).
On TSY agar medium, strain WN1359
T grew as 1-2 mm diameter, circular, convex colonies with entire margins. Cells of strain WN1359
T were catalase-negative, Grampositive-staining rod-shaped cells, 1-2 mm60.4-0.5 mm in size. For scanning electron microscopy (SEM), cells were grown aerobically in TSY medium for 48 h at 25 u C, fixed with Trumps Fixative (Electron Microscopy Sciences), and stored overnight at 4 u C. Fixed samples were processed with the aid of a Pelco BioWave laboratory microwave (Ted Pella), washed in 16 PBS (pH 7.24), post-fixed with 1 % (w/v) buffered osmium tetroxide, washed with water and dehydrated in a graded ethanol series (25, 50, 75, 95, 100 %) , then critical-point dried (Bal-Tec CPD030, Leica Microsystems). Dried samples were mounted on carbon adhesive tabs on aluminium specimen mounts and Au/Pd sputter coated (Desk II, Denton Vacuum). High-resolution digital micrographs were acquired using a field-emission scanning electron microscope (S-4000, Hitachi High Technologies America). Under SEM, cells were rod-shaped with typical division septa, measured 1.23±0.18 mm long and 0.57±0.02 mm wide (n510) (Fig. S1A , available in the online Supplementary Material), and exhibited peritrichous, laterally attached flagella (Fig. S1B ). Despite the presence of flagella under SEM and the presence of flagellar, motility and chemotaxis genes in the genomic sequence (Leonard et al., 2013) , motility was not observed by phase-contrast microscopy of liquid cultures or in 0.5 % (w/v) agar TSY motility stabs supplemented with 0.005 % (w/v) triphenyltetrazolium chloride to enhance cell visualization (Shields & Cathcart, 2013) .
The pH range for growth was determined by aerobic incubation of strain WN1359
T at 25 u C in liquid TSY medium buffered at various pH values with either sodium phosphate or Tris/HCl buffering systems (Costilow, 1981;  
C. iners LMG 26642 T (HE583595) Fig. 1 . Phylogenetic tree depicting the relatedness of strain WN1359 T to eleven strains representing species of the genus Carnobacterium. The tree was reconstructed using the Tree Builder program on the Ribosomal Database Project server, using Trichococcus pasteurii as the outgroup. Numbers to the right of strain names are GenBank accession numbers of the corresponding 16S rRNA gene sequences. Bar, 0.03 substitutions per nucleotide position.
and 9.0, with a growth optimum at pH 8.2. The optimal pH range for growth, defined as the pH at which growth was ¢90 % of optimal, occurred between pH 7.8 and 8.6 (Fig. S2 ).
The 16S rRNA gene sequence from strain WN1359 T was used to query the Ribosomal Database Project server, release 10 (http://rdp.cme.msu.edu/) and the most closely related type strains of species of the genus Carnobacterium and environmental isolates were identified (Table S1 ). Most closely related to strain WN1359
T were strains WN1370, WN1371, WN1372 and WN1373 (99.3-99.4 % sequence similarity), which had been isolated from the same permafrost soil sample as WN1359
T , and strain WN1374 (98.2 % sequence similarity), which was isolated from a soil sample collected at a different depth level from the same borehole . The closestmatching environmental strains (91.8-97.2 % sequence similarity) were isolated from a variety of sources including Antarctic lake water, Arctic soil, pufferfish, permanently cold seawater, human faeces and a tomb mural painting (Table S1 ). The most closely related type strain was identified as C. inhibens K1 T (94.9 % sequence similarity) isolated from Atlantic salmon (Jöborn et al., 1999; Table  S1 ). Subsequent direct comparison of the 16S rRNA gene sequences of strain WN1359
T versus C. inhibens using the CLUSTAL Omega server (http://www.ebi.ac.uk/Tools/msa/ clustalo/) revealed that the two sequences differed at only 19 positions out of 1438 for a similarity of 98.7 %. Because of the high degree of 16S rRNA gene sequence similarity, a genome-scale comparison was next performed.
The complete chromosomal sequences of strain WN1359
T (Leonard et al., 2013) and C. inhibens K1 T were determined and compared (Table S2 ). Both the size (2.35 and 2.55 Mbp, respectively) and the DNA G+C content of the two genomes (35.3 and 35.1 mol%, respectively) were quite close. The degree of relatedness of the two genomes was calculated using two independent techniques. Firstly, the FASTA files of each genome were input into the Genome-to-Genome Distance Calculator version 2.0 (GGDC 2.0) server at the DSMZ-German Collection of Microorganisms and Cell Cultures (http://ggdc.dsmz.de/ distcalc2.php). The GGDC 2.0 compares whole-genome sequences and produces an accurate and robust simulation of DNA-DNA hybridization (DDH) values (Auch et al., 2010; Meier-Kolthoff et al., 2013) . The GGDC 2.0 uses three different formulas to calculate the DDH-equivalent relatedness and the probability that two genomes belong to the same species. Depending on the formula used, the two strains exhibited a DDH-equivalent relatedness ranging from 79.4 to 85.9 %, and the probabilities that the two strains belong to the same species ranged from 90.4 to 97.7 % (Table S2) . Secondly, the two genome sequences were input into the Average Nucleotide Identity (ANI) calculator (http://enve-omics.ce.gatech.edu/ani/index), which was developed based on comparative studies calibrating ANI versus DDH (Goris et al., 2007) . According to this method, two genomes are regarded as representing the same species if they exhibit an ANI value of ¢95 %, corresponding to a DDH value of ¢70 % (Goris et al., 2007) . Comparison of the genomes of C. inhibens K1 T and strain WN1359 T by ANI yielded a value of 98.76 % (Table S2 ). Both independent analyses thus supported the hypothesis that strain WN1359 T is most likely a subspecies of C. inhibens.
Phenotypic characterization of strain WN1359
T was carried out in comparison with C. inhibens. Species of the genus Carnobacterium are generally isolated from cold environments and are by the genus definition psychrotolerant (Hammes & Hertel, 2006) , and both strains WN1359 T and C. inhibens K1
T were shown previously to be capable of slow growth at 0 u C . To determine the upper temperature limit for growth, strains WN1359 T and C. inhibens K1 T were incubated on TSY plates at various temperatures for various amounts of time (Table  S3 ). Both strains grew slowly at 0 and 4 uC, more rapidly at 20, 25, 30, 35 and 37 u C, but did not grow at 40 u C; optimal growth occurred at 25 u C (Table S3 ). Strain WN1359
T was therefore classified as psychrotolerant.
To determine fermentation profiles, strains WN1359 T and C. inhibens K1 T were cultivated anaerobically at 25 u C for 10 days in TSY medium containing 1 % (w/v) glucose. HPLC analysis (Nicholson, 2008) Cellular fatty acid composition of strain WN1359 T was performed by Microbial ID (MIDI; Newark, DE, USA). Methyl esters of saponified fatty acid extracts were identified by GC and the fatty acid profile was generated using their Sherlock pattern recognition software. Strain WN1359 T contained 70.2 % unsaturated fatty acids, of which major species were C 16 : 1 v9c (36.8 %), C 18 : 1 v9c (19.4 %) and C 14 : 1 v6c (8.3 %). Branched fatty acids comprised 15.3 % of the total, mostly iso-C 17 : 1 v9c (11.7 %). Saturated fatty acids comprised only 12.5 % of the total, mostly C 16 : 0 (9.6 %). Minor species included the unsaturated fatty acids C 14 : 1 v9c (1.8 %) and C 16 : 1 v7t (3.9 %), the branched-chain fatty acid 2-methyl C 14 : 0 (3.6 %), and the saturated fatty acid C 14 : 0 (2.9 %). In several instances, the amounts and identities of several individual fatty acids of WN1359 T differed from those reported for C. inhibens K1 T (Jöborn et al., 1999) . However, these differences could arise from the fact that the two strains were not cultivated under identical conditions. For growth substrate profile and chemical sensitivity testing, cultures of WN1359 T and C. inhibens K1 T were grown aerobically for 72 h at 25 u C in liquid TSY medium without shaking, then centrifuged (12 000 g, 2 min). The pellets were resuspended in sterile PBS (10 mM monobasic potassium phosphate, 150 mM NaCl, pH 7.2 with NaOH; Nicholson & Setlow, 1990) . Cultures were diluted with Inoculating Fluid A (Biolog) to a turbidity of 80-90 %, inoculated into Gen III Microplates (Biolog), incubated aerobically at 25 u C for 72 h, and the absorbance at 620 nm (A 620 ) was measured in a microplate reader. Wells with an A 620 ,26 the negative control were scored as negative (2), wells with an A 620 ¢26 the negative control were scored as positive (+), and wells with an A 620 ¢36 the negative control were scored as doubly positive (++) for substrate utilization (Table S4) or growth in the presence of inhibitory compounds (Table S5 ). Neither strain WN1359
T nor C. inhibens K1 T was able to utilize turanose, stachyose, raffinose, a-lactose, melibiose, T differed from that of C. inhibens K1 T in that strain WN1359 T was resistant to 8 % NaCl, lithium chloride and potassium tellurite, and was sensitive to tetrazolium blue (Table S5 ). The phenotype of strain WN1359
T was compared with the published phenotypes of the three most closely related type strains, C. inhibens K1 T , C. jeotgali MS3 T and C. pleistocenium FTR1 T ( Fig. 1 ) and the comparison is presented in Table 1 . Based on the genomic and phenotypic differences noted between strains WN1359 T and C. inhibens K1 T (Tables 1 and S2) , Table 1 . Differential phenotypic characteristics between strain WN1359 T and the type strains of C. inhibens, C. pleistocenium and C. jeotgali 
